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(54) Articulated stent 

(57) A connector (110) for connecting adjacent are- 
as of adjacent segments (102) of an articulated stent, 
the connector Includes a plurality of flexible links (112), 
wherein each of the flexible links Includes a plurality of 



portions with each pair of neighboring portions having 
an area of inflection therebetween and wherein during 
expansion of said stent, said area of inflection of each 
flexible link remains inflected. 
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Description 

FIELD AND BACKGROUND OF THE INVENTION 

[0001] The present Invention relates to stents which 
are Implanted as part of a balloon angioplasty procedure 
within a bodily conduit of a living animal or a human to 
maintain patency, in particular, the present Invention re- 
lates to articulated intravascular stents for delivery 
through or implantation in a blood vessel having a 
curved portion. 

[0002] Intravascular stents having a constricted diam- 
eter for delivery through a blood vessel and an expand- 
ed diameter for applying a radially outwardly extending 
force for supporting the blood vessel are known in the 
art. Articulated intravascular stents for either delivery 
through a cun/ed blood vessel or implanted therein are 
also known in the art. 

[0003] Self -expandable articulated stents are de- 
scribed, for example, in U.S. Patent No. 5,104,404 en- 
titled "Articulated Stenf to Wolff. Balloon expandable 
articulated stents are commercially available under the 
trade name Palmaz-Schatz Balloon-Expandable Stents 
from Johnson & Johnson Intervention Systems Co. 
[0004] A prior art self-expandable articulated Intra- 
vascular stent 10 deployed in a curved blood vessel 16 
is now described with reference to Figure 1 which is, in 
actual fact, Figure 2 of the above referenced U.S. Patent 
No. 5,104,404. Stent 10 Is made up of a number of in- 
dividual segments 12 articulated by hinges 14 connect- 
ed at each end to segments 12. Stent 10 is preferably 
fabricated from memory shape material, for example, 
nitlnol, and as such Is self expandable after delivery from 
a delivery system described In U.S Patent No. 
4,830,003 to Wolff et al. {However, these prior art artk:- 
ulated intravascular stents suffer from a number of dis- 
advantages both during delivery through a curved blood 
vessel and when Implanted therein as will now de- 
scribed. 

[0005] The delivery of stent 10 through curved blood 
vessel 1 6 Is more complicated than the delivery of a non- 
articulated stent in that stent 10 has to be angularly ori- 
ented such that its hinges 14 are located towards the 
convex portion of blood vessel 16 so that stent 10 can 
be flexed inward. In the present example, it will be noted 
that hinges 1 4 are located on the same side of segments 
12 because blood vessel 16 has only a simple curve In 
one plane. It can be readily appreciated that delivery of 
stents through blood vessels which have one or more 
curved portions which are not in the same plane is even 
more complicated and generally requires specially con- 
structed stents. 

[0006] Even when implanted In a curved blood vessel 
16, stents 10 are shown to be lacking In that the gaps 
between segments 12 render the curved portion of 
blood vessel 16 without support. Furthennore, the gaps 
at the convex portion of bloodvessel 16 are substantially 
greater than the gaps at the concave portion thereof. 



thereby inducing non-unifonm and therefore undesirable 
stresses on blood vessel 16. 
[0007] Therefore, it would be highly desirable to have 
an articulated stent which does not require any particu- 

5 lar angular orientation when being delivered through a 
curved bodily conduit and provides continuous and uni- 
form support for both straight and curved portions of a 
bodily conduit when Implanted. 
[0008] It would also be highly desirable the structure 

10 of a stent does not depend on the particular orientations 
of curved portions of a blood vessel. 

SUMMARY OF THE INVENTION 

15 [0009] The object of the present invention is for an ar- 
ticulated stent which can be delivered through a curved 
bodily conduit using a routine medical procedure and a 
conventional stent delivery system. Furthemiore, the 
stent provides continuous and unifomi support for both 

20 straight and curved portions of a bodily conduit when 
implanted. Still further, the structure of a stent and its 
support of a bodily conduit do not depend on the orien- 
tations of the curved portions of the conduit. 
[0010] The objective of the present invention is 

25 achieved by an articulated stent, comprising: (a) at least 
two substantially rigid segments; and (b) a flexible con- 
nector for connecting adjacent segments, wherein the 
connector assumes a substantially cylindrical configu- 
ration when relaxed and a differentially stretched and 

30 compressed curved configuration when flexed. 

[001 1 ] After expansion , the rigid segments of the stent 
preferably present a fine diamond shaped mesh having 
1 mm long sides to provide continuous and unlfomri sup- 
port for straight portions of a bodily conduit. 

35 [0012] The connectors can be implemented as a plu- 
rality of substantially helical links connecting adjacent 
segments. Altematively, the connectors can be Imple- 
mented as links each having at least one kink. The con- 
nectors typically have between 8-24 links to provide 

^0 continuous and uniform support for both straight and 
curved portions of a bodily conduit. 
[0013] The stents have constricted diameters for in- 
traluminal delivery and are then defonned, by the infla- 
tion of a balloon fomiing part of their catheter delivery 

45 system, to expanded diameters for applying radially out- 
wardly extending forces for supporting the lumen of bod- 
ily conduits. The constricted and expanded diameters 
of the stents typically fall in the ranges of 1 .0-3.6 mm 
and 3.5-10.0 mm, respectively. 

50 [0014] The stents are preferably fabricated from low 
memory, more plastic than elastic, bio-compatible ma- 
terials, for example, stainless steel 31 6L, gold, tantalum, 
etc. whk:h enables them to be plastically defonned from 
their constricted diameters to their expanded diameters. 

55 [0015] A typical stent for implantation in a human cor- 
onary artery is 9-21 mm long comprising three to seven 
2.2 mm long stent segments connected by two to six 1 
mm long connectors such that the ends of the stent sub- 
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tend between a 45<* to 135^ angle at a radius of curva- 
ture of approximately 9 mm when flexed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The invention is herein described, by way of 
example only, with reference to the accompanying 
drawings, wherein: 

FIG. 1 shows a close-up view of a prior art articu- 
lated stent of deployed in a curved blood vessel; 
FIGS. 2a and 2b show a preferred embodiment of 
an articulated stent, constructed and operative ac- 
cording to the teachings of the present invention, in 
its relaxed and flexed states before plastic deforma- 
tion; 

FIG. 2c shows the expanded stem of Figure 2 after 
plastic defonnation; 

FIG. 2d shows the stent of Figure 2 mounted on a 
catheter In its flexed state; 
FIGS. 2e and 2f show the stent of Figure 2 before 
and after expansion by a balloon forming part of its 
catheter delivery system; 

FIGS. 3a and 3b show a second embodiment of an 
articulated stent, constructed and operative accord- 
ing to the teachings of the present invention, in its 
relaxed and flexed states before plastic deforma- 
tion; and 

FIG. 3c shows the expanded stent of Figure 3 after 
plastic defonnation. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] The present invention is of an articulated stent 
for delivering through a curved bodily conduit, for exam- 
ple, a peripheral or coronary artery of a living animal or 
a human and implantation therein as part of a balloon 
angioplasty procedure to maintain patency. 
[0018] The principles and operation of the articulated 
stent of the present invention may be better understood 
with reference to the drawings and the accompanying 
description. 

[0019] Referring now to the drawings, Figures 2a-2c 
show an articulated stent, generally designated 100, 
constructed and operative according to the teachings of 
the present invention, generally comprising a number of 
substantially rigid segments 102 connected by connec- 
tors 110. 

[0020] Segments 102 are preferably made up to 
present a fine diamond mesh of interconnected dia- 
mond shaped cells 108 having 1 mm sides on expansion 
as best seen in Figure 2c. Depending on the intended 
diameter of stent 100, segments 102 typically comprise 
between 8-24 diamond shaped cells 108. 
[0021] Connectors 110 comprise links 112 connect- 
ing a front end 104 to a tail end 108 of adjacent seg- 
ments 102. Links 112 preferably extend in a substan- 



tially helical fashion between apexes of diamond 
shaped cells 108 at front and rear ends 104 and 106 of 
adjacent segments 102 such that the number of links 
112 equalsthe number of cells 108. Links 112 are pref- 
5 erabty even ly deployed around perimeters of segments 
102 such that connectors 110 can be equally flexed in 
any direction and to provide continuous and uniform 
support to both straight and curved portions of a bodily 
conduit. 

10 [0022] Alternate connectors 110 at front and rear 
ends 104 and 106, respectively, of a segment 102 pref- 
erably have links 112 wound in clockwise and counter 
clockwise directions. Alternately winding connectors 
110 ensures that the rotational displacement of links 112 

IS and adjacent segments 102 relative to the walls of a 
blood vessel and more importantly the balloon of Its de- 
livery system is minimized when stent 100 Is expanded. 
[0023] It is particular feature of the present invention 
that connectors 110 have a generally cylindrical config- 

20 uration when stent 1 00 is relaxed as best seen in Figure 
2a and a differentially stretched and compressed curved 
configuration when stent 100 is flexed as best seen In 
Figure 2b. The flexed configuration is brought about by 
two relatively opposing displacements of links 112. First, 

2S the differential stretching of connectors 110 occurs at 
the convex portion thereof denoted 1 1 4 by links 1 1 2 be- 
ing displaced away from one another. Second, the dif- 
ferential compressing of connectors 110 occurs at the 
concave portion thereof denoted 116 by links 112 being 

30 displaced towards one another. 

[0024] Stent 100 has a constricted diameter for deliv- 
ery through a curved bodily conduit as shown in Figures 
2a and 2b and an expanded diameter as shown in Fig- 
ure 2c for supporting a bodily conduit. Stent 100 is pref- 

35 erabty fabricated from low memory, more plastic than 
elastic, bio-compatible material, for example, stainless 
steel 31 6L, gold, tantalum, etc. which enables it to be 
plastically defonned from its constricted diameter to its 
expanded diameter. The constricted and expanded di- 

40 ameters of stent 1 00 typically fall in the ranges of 1 .0-3.5 
mm and 3.5-10.0 mm, respectively 
[0025] With referencenowtoFigures2d-2f,stent100 
is shown overiying a balloon 118 fomiing part of its cath- 
eter delivery system 120. Stent 100 is mounted on its 

45 catheter delivery system 1 20 in its constricted diameter 
state shown In Figure 2e for plastic defonnation through 
Inflation of balloon 118 to its expanded diameter shown 
in Figure 2f for supporting the walls of a bodily conduit. 
An exemplary stent for implantation in a human coro- 

50 nary artery, is typically 1 5 mm long made up of five 2.2 
mm long segments 102 connected by four 1 mm long 
connectors 110 and capable of flexion such that its ends 
subtend a 90* angle at a radius of curvature of approx- 
imately 9 mm. 

55 [0026] The delivery of articulated stent 100 is consid- 
erably simpler than the delivery of prior art articulated 
stent 10 because stent 100 is equally flexible in all di- 
rection and therefore does not require a dedicated an- 
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gular orientation to pass a particular curved portion. This 
advantage is particularty important for delivery through 
blood vessels having multiple curved portions. It Is a fur- 
ther advantage of stent 1 00 over prior art stents 1 0, that 
stent 100 provides continuous and unifonfn support 
along the entire length of a blood vessel by means of 
segments 102 and unflexed connectors 110 supporting 
straight portions thereof while connector portions 114 
and 116 supporting convex and concave curved por- 
tions thereof, respectively. 

[0027] With reference now to Figures 3a and 3b, an 
articulated stent 122 is shown in which connectors 124 
comprise links 126 having one or more kinks 128. The 
design of connectors 124 is preferred to that of connec- 
tor 110 because stent 100 may have a tendency to rup- 
ture balloon 118 due to two reasons. First, links 112 
overlying the convex portion of balloon 118 have a ten- 
dency to be biased inward when stent 100 is flexed. Sec- 
ond, segments 102 display a rotational displacement 
relative to balloon 118 when stent 100 is expanded. 
[0028] In this case, the differentially stretched and 
compressed curved configuration of connector 124 is 
brought about by two relatively opposing displacements 
of links 1 1 2 as before except that the differential stretch- 
ing of connectors 124 at convex portion 114 occurs by 
kinks 126 being somewhat straightened out while the 
differential compressing of connectors 124 at concave 
portion 116 occurs by kinks 128 being more acutely 
bent. 

[0029] In a similar fashion to stent 100, stent 122 has 

a constricted diameter for delivery through a curved 
bodily conduit as shown in Figures 3a and 3b and an 
expanded diameter as shown In Figure 3c for supporting 
a bodily conduit when implanted therein. 
[0030] While the invention has been described with 
respect to a limited number of embodiments, it will be 
appreciated that many variations, modifications and oth- 
er applications of the invention may be made. 



Claims 

1 . A connector for connecting adjacent areas of adja- 
cent segments of an articulated stent, the connector 
comprising: 

a plurality of flexible links, 
wherein each of said flexible links Includes a 
plurality of portions with each pair of neighbor- 
ing portions having an area of inflection there- 
between. 

2. A connector according to claim 1 and wherein, dur- 
ing expansion of said stent, said area of inflection 
of each flexible link remains inflected. 



(a) at least two substantially rigid segments 
having a plurality of connected cells each hav- 
ing apices, wherein, upon expansion, each of 
said rigid segments presents a substantially cy- 

5 llndrical diamond mesh; and 

(b) a flexible connector, comprising a plurality 
of flexible links 

wherein each of said flexible links connects 
10 apices of adjacent cells on adjacent rigid 

segments; 

each of said flexible links includes a plural- 
ity of portions with each pair of neighboring 
portions having an area of Inflection there- 
'5 between, and dicing expansion of said 

stent, said area of inflection remains In- 
flected. 

4. The stent as In claim 3, wherein said plurality of links 
20 includes between 8-24 links. 

5. The stent as in claim 3 made from bio-compatible 
material capable of a more plastic than elastic de- 
formation. 

25 

6. The stent as in claim 5, wherein said material is 
stainless steel. 

7. The stent as in claim 5, wherein said material is 

30 gold. 

8. The stent as in claim 5, wherein said material is tan- 
talum 

35 
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An articulated stent, comprising: 
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